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High Tc and Je superconducting films of Ba2 YCU30 7 are prepared on SrTi03 (100) substrates 
using pulsed excimer laser evaporation of a composite target containing BaF 2' Y 203' and CuO, 
followed by annealing in wet oxygen. High transition temperatures (R = 0 from 89.5 to 91 K) 
and high critical current densities (Jc ;;;' 7 X I fr~ A em - 2 ) are obtained. The electrical transport 
properties of these films are significantly better than films previously grown via laser ablation 
of Ba~ Y -cu-o targets. 
The discovery of high Tc superconducting ceramics I 
has been foHowed by intense efforts to fabricate thin films of 
these copper-oxide-based materials for research in device 
and electronic circuit applications. A number of techniques 
have been shown to be effective for growing thin films of 
these superconductors, including electron beam (e-beam)/ 
thermal coevaporation,2--4 rf and dc sputtering,5-8 laser 
evaporation,9.10 and spin-on/pyrolysis. !l,12 Of all of these 
techniques, sputtering and e-beam/thermal coevaporation 
methods have been shown to give the best transport proper-
ties in Baz YCU30 7 films, particularly with respect to the 
critical current densities which have reached _106 A/cm2 
at 71 K.6•13 
Although the la..<;er vaporization technique is a fast and 
inexpensive method for producing high Tc films, it has not 
been useful for growing films with state-of-the-art transport 
properties. In this letter, we show that this problem is not 
inherent to the technique and that the desired electrical 
properties can be obtained by laser evaporation of a suitable 
composite target onto a SrTi03 substrate. This is achieved by 
using a target that has the barium incorporated in the form 
of BaF2 and annealing the deposited material in moist oxy-
gen to form the orthorhombic Buz YCU30 7 phase. 
The films are prepared using pulsed excimer laser va-
porization techniques as previously described. lO Material is 
ablated from a composite target containing barium, yttrium, 
and copper (infra vide) by the 248 nm (KrF) output of an 
excimer laser (Lambda Physik EMG IOn. Irradiation is 
accomplished through a quartz window using beam energies 
of -100 mJ focused to a 1 X 3 mm2 spot with a 50 cm focal 
length lens at an incident angle of 25" from normal. 
SrTiO} < 100) substrates are mounted parallel to the target at 
a distance of - 3 em on a copper block maintained at am-
bient temperature (25 K). Under typical operating condi-
tions (6 Hz repetition rate and background pressure _10-5 
Torr) films are grown at a rate of ~6 A/s to the desired 
thickness. The deposited films are subsequently removed 
from the vacuum chamber and annealed in flowing oxygen 
at elevated temperatures as described below. 
Film thickness and stoichiometry are characterized 
both directly and from calibration depositions on silicon or 
sapphire using Rutherford backscattering spectroscopy 
(RBS). Film morphology is determined using scanning elec-
tron microscopy (SEM). Electrical measurements are made 
using a low-frequency ac four-point probe in a van der Pauw 
configuration with fluxless indium-soldered contacts. The 
temperature is controlled by adjusting the height of the 
probe, which holds the film above a liquid-helium bath, and 
monitored by a silicon diode in good thermal contact with 
the sample (accuracy ± 0.5 K). The critical temperature 
Tc (R = 0) is defined as the temperature where the resistiv-
ity cannot be distinguished from the baseline, which is typi~ 
cally a factor of 10-- 3 times the resistivity of the film at 298 
K. Critical current densities (Jc ) are determined by scribing 
a 100 flm constriction in the film with a carbide tool and 
determining the current required to create alp V potential 
across the constriction. Several films were analyzed on a 
four~circ1e diffractometer with a rotating anode generator 
and Cu Ka x rays. This instrument has a longitudinal resolu-
tion of about 0.04 A-I and a dynamic range of at least 104 
between the largest SrTiO] peak and the background, allow-
ing weak peaks to be easily observed. 
The target composition is crucial to the achievement of 
high critical temperatures and currents in laser-evaporated 
films. When targets of the superconducting ceramic with a 
nominal composition of Sa2 YCU30 7 are used, the best films 
show onsets of superconductivity at 90-92 K, but have I::.Tc 
(10-90) of 6-11 K and Tc (R = 0) at 75-80 K. 10 The funda~ 
mental limitation of using the bulk ceramics is that they 
readily adsorb CO2 and H 20 from the atmosphere to form 
carbonates and hydroxides of barium. 14 The presence of 
barium carbonate on the surfaces of bulk samples and thin 
films has been wen established, IS and the segregation of car-
bon at the grain boundaries ofthese materials has been impli-
cated as the cause of weak-link coupling between grains and 
the source of low transport criti.cal currents (Jc). 16 There~ 
fore, iaser evaporation of the bulk superconductor, or simi-
lar composite Ba~Y-Cu-O targets, transfers both the desired 
components and the contaminating carbonates to the sub-
strates. Subsequent annealing does not remove the carbonate 
impurities and may serve to introduce further undesirable 
impurities. 
In order to avoid incorporating carbonate impurities 
into the films, another source of barium must be used. Bari-
um metal is unsuitable since it rapidly converts to Baa, 
SaC OR) 2, and BaC03 in room air. BaO is also a poor candi-
date since it forms appreciable quantities of BaC03 in the 
presence of CO2 , An ideal source of barium is BaFz, which 
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has been shown to be a stable source of barium that is easy to 
use in thermal evaporation sources to produce high To 
(R = 0) and Je films. l3 BaF 2 does not form oxides or car-
bonates under ambient conditions and is highly resistant to 
decomposition; it is reported to remain intact at tempera~ 
tures of 6000 K. 
Thus a composite target is fabricated from a mixture of 
barium fluoride, yttrium oxide, and copper oxide powders. 
The powders are ground together and pressed into a cylin-
drical pellet (13 mm diameter X 3 mm thick). This pellet is 
subsequently heated in an air circulation oven at ~ 800°C 
for about 16 h. This sintering step confers mechanical integ-
rity to the target, which makes it easy to handle and mount in 
the vacuum chamber. It is important, however, to avoid 
heating the pellet too high since the BaF2 may begin to react 
with the yttrium and copper oxides and form, for example, 
the superconducting phase with accompanying undesired 
impurities. 
The ratio of the three metals in the target must be altered 
from the ideal composition of 2Ba:lY:3Cu in crder to 
achieve that composition in the deposited materiaL This can 
be seen in Fig. 1(a) by noting the elemental composition 
which results from depositing material from a target having 
a metal composition of Bar.9S YO.98 Cu:H )(} as measured by 
inductively coupled plasma (rCP) methods. The deposited 
material contains only about 50% of the initial ratio ofbari-
urn and is about 10% rich in yttrium. Note that the Ba:F 
ratio of the parent BaF2 compound is retained, which sug-
gests that it is vaporized primarily in molecular form. The 
desired deposited composition is, however, obtained when 
an adjusted stoichiometry is used in the target. As shown in 
FIG. 1. (a) RBS spectrwn of an aHieposited film on A120, using a target 
with a metals composition ofBaL95 Yo.". eu300 . (b) RBS spectrum of an as-
deposited film on 8i Ilsing a target with a. meta! composition of 
Ba •. O' Y O.gO Cu3.00 • Oxygen and fluorine values a.rc only accurate to :1-. 15%. 
1996 Appl. Phys. Lett., Vol. 52, No. 23, 6 June 1988 
Fig. 1 (b), a pel1et having a metals composition of 
Ba4.01 YU.80CU3.00 (as measured by ICP) yields a final depos-
ited material with a metal composition ofBa1.96 Y I.07CU3.00. 
The most probable reason for the differences in stoichiome-
try between the target and films is that the relative sticking 
coefficients of the species in the vaporized material may 
vary. Thus the ratio of the vaporized species is altered by 
their relative adherence to the substrate either in the depo~ 
sition step itself or during subsequent sputtering in the laser 
induced plasma, The metals composition of the deposited 
material remains the same even after several millimeters of 
the target have been ablated. 
The as-deposited films are translucent, amber colored, 
and insulating. Subsequent annealing converts them to the 
Ha2 YCU30 7 superconducting phase. A typical annealing cy-
cle consists of three steps. The film is placed in a quartz tube 
furnace where the film is linearly heated from room tem-
perature to 850"C in ~ 112 h. This temperature is main-
tained for ~ 1 h. During these two steps. wet oxygen is flow-
ing through the furnace at 30--50 secm. Wet oxygen is 
produced by first passing pure O2 through an Ascarite filter 
to scrub CO2 impurities and then through a distilled water 
bubbler at room temperature. Finally, the fhmace tempera-
ture is decreased linearly over a period of ~ 2 h to 440 °C and 
then the furnace is turned off. Best results are obtained by 
using only pure oxygen without additional water in this cool-
down step. 
The presence of water in the ft.owing oxygen is essentiai 
for the reaction of BaF2 with oxygen and other constituents 
in the film.!7 If water is rigorously excluded from the anneal-
ing procedure, the film will remain unreacted indefinitely. 
Usually, enough water is present in untreated oxygen which 
win be sufficient to react a substantial portion of the deposit-
ed material iflong enough annealing times are used, but deli-
berate introduction of water dramatically contracts the time 
required for the formation of the desired phase. 
Both high Tc and Je are obtained for films grown using 
the barium fluoride composite target and annealing condi-
tions described above. The resistivity curve for a typical film 
with a thickness of 0.3 pm is shown in Fig. 2. The metal 
stoichiometry of this film is determined by RES to be 
Bal.96 YI.G7CU3.00' It has an onset temperature of -92 K, 
and the film is funy superconducting at 89,5 K. The critical 
current for this film is at least 7 X 105 A cm - 2 at 77 K. Its x~ 
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FIG. 2. p( 'iI curve for a 0.3 
!Jm Ba2 YCU,07 film on 
SrTi03(IOO). As (.:an be seen in 
the inset, T, (onset) ~ 92, ~ 1~ 
(l0-90) = i K, and R = 0 at 
89.5 K. 
DeSantoio et 8/. 1996 
Downloaded 16 Dec 2010 to 140.114.136.25. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions
30 
20 
10 
04---d---~~~~~M-~~--~~--~~ 
~o 20 30 40 50 60 
28 (dog) 
FIG. 3. X-ray diffraction pattern of a 0.3 fi.m Ba? YCU30 7 film on 
SrTiO, < !(JO). 
ray diffraction pattern is shown in Fig. 3. This particular 
film has a mixture of - 80% c axis oriented perpendicular to 
the substrate with the remaining 20% oriented with the a 
axis perpendicular to the substrate. 
A 0.63-pm-thick fUm was prepared from the same tar-
get. This film becomes fully superconducting at 90.5 K and 
has a critical current density ofl X 105 A/cm2 at 77 K. The x 
ray in Fig. 4 shows that this film is highly ordered with 
> 99% oriented with the a axis normal to the substrate. The 
rocking curve for this film is shown in the inset of Fig. 4 and 
has a width [full width at half-maximum (FWHM)] of 
0.64°, showing that the film ha..<; grown epitaxially on the 
(l00) SrTi03 surface. 
Film compositions within - 10% of the 1 Y :2Ba:3Cu 
stoichiometry show the best electrical properties. The peHet 
which produced the stoichiometry of the film described 
above routinely produced films with Tc (R = 0) of 89.5-
90.5 K and Je (77 K) of 1-7X 105 A cm- 2• A 10% deple-
tion in the barium stoichiometry gives a higher 1~ (R = 0) 
of91 K, but the critical currents are 2-3 orders of magnitude 
lower. Depletions or enrichments which are greater than 
- 10% in either or both of the barium or yttrium stoichio-
metries usually cause a marked degradation of both Tc and 
fe' 
In summary, pulsed laser vaporization of a composite 
target of BaF2- Y zO]-CuO is shown to yield superconducting 
films of Ba2 YCuJ 0 7 with excellent transport properties, in-
cluding T~ (R = 0) of89.5-91 K andJc (77 K) of;;.7X 105 
A cmz. In addition, this technique is shown to be useful for 
the preparation of films with various ratios of a axis to c axis 
orientations on SrTi03(I00), including films with predomi-
nantlya axis normal to the substrate. These results show that 
it is imperative to use a vaporization target which does not 
introduce contamination into the deposited films. The laser 
ablation method now joins the handful of film preparation 
techniques which are proven means of producing high Tc 
superconducting films with MA/cm2 current densities. La-
ser evaporation techniques have the additional advantages of 
being fast and inexpensive with potential for 2-3 orders of 
magnitude scale-up, 
Invaluable discussions with R E. Howard, P. M. Man-
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FIG. 4. X-ray diffraction pattern of a 0.63 fi.m Ba2YCu,07 film on 
SrTi03(lOO). The rocking curve (inset) forthisfilmhasawidth (FWHM) 
of 0.64'. 
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